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$EVWUDFW 7KUHH DOGHK\GHV HDFK ZLWK D TXDWHUQDU\ D FDUERQ
VWHUHRFHQWUH EHDULQJ DQ DONHQ\O D SKHQ\O DQG D PHWK\O HVWHU
JURXSZHUHWUHDWHGZLWK1-PHWK\OK\GUR[\ODPLQH,QHDFKFDVH
ELF\FOLF LVR[D]ROLGLQH SURGXFWV ZHUH IRUPHG E\ FRQGHQVDWLRQ
WR JLYH LQWHUPHGLDWH QLWURQHV WKDW XQGHUJR LQWUDPROHFXODU
GLSRODU F\FORDGGLWLRQ7KH VWHUHRVHOHFWLYLW\ ZDV LQIOXHQFHGE\
WKH D-FDUERQ\O VXEVWLWXHQW SRVVLEO\ E\ D K\GURJHQ ERQG
EHWZHHQ &2 DQG DQHDUE\ &+ RI WKH QLWURQH LQ WKH WUDQVLWLRQ
VWDWH VXSSRUWHG E\ ')7 DQG ;-UD\ VWXGLHV DQG WKH
UHJLRVHOHFWLYLW\ZDVDIIHFWHGE\WKHOHQJWKRIWKHWHWKHUDQGE\
WKHSUHVHQFHRIDQHVWHURQWKHDONHQHGLSRODURSKLOH 
.H\ ZRUGV &\FORDGGLWLRQ 'LDVWHUHRVHOHFWLYLW\ 'RPLQR
UHDFWLRQ)XVHG-ULQJV\VWHPV+HWHURF\FOHV 
,QWUDPROHFXODU GLSRODU F\FORDGGLWLRQ UHDFWLRQV RI
QLWURQHV KDYH EHHQ NQRZQ IRU PRUH WKDQ  \HDUV
2QH RI WKH DWWUDFWLRQV RI WKLV FKHPLVWU\ LV WKDW LW
DOORZV WKH UDSLG V\QWKHVLV RI F\FOLF DQG SRO\F\FOLF
FRPSRXQGVZLWK-DPLQR-DOFRKROIXQFWLRQDOLW\7KH
SUHVHQFH RI SRO\F\FOLF DPLQHV LQ DONDORLGV KDV
SURPSWHG D FRQVLGHUDEOH QXPEHU RI VWXGLHV LQWR
LQWUDPROHFXODU QLWURQH F\FORDGGLWLRQV LQFOXGLQJ
ZRUN LQ RXU RZQ UHVHDUFK JURXS 0DQ\ DONDORLGV
FRQWDLQQRWMXVWDQDPLQRJURXSEXWDQDURPDWLFULQJ
RIWHQGHULYHGIURPDE-DU\OHWK\ODPLQHSUHFXUVRU1RW
VXUSULVLQJO\ WKHUHIRUH WKHUH DUH UHSRUWV RI WKH
LQWUDPROHFXODU F\FORDGGLWLRQV RI QLWURQHV EHDULQJ DQ
DURPDWLFVXEVWLWXHQWDWWDFKHGEWRWKHQLWURJHQDWRP
2I WKHVH H[DPSOHV DV IDU DVZH DUH DZDUH RQO\RQH
XVHVDTXDWHUQDU\DOGHK\GHFRPSRXQGZKLFKZDV
KHDWHG ZLWK 1-PHWK\OK\GUR[\ODPLQH K\GURFKORULGH
VDOWDQGS\ULGLQHWRJLYHWKHF\FORDGGXFWDVDVLQJOH
VWHUHRLVRPHU 6FKHPH D :H ZHUH LQWHUHVWHG LQ
H[SORULQJIXUWKHUH[DPSOHVRI WKLVW\SHRIUHDFWLRQRI
TXDWHUQDU\ VXEVWLWXWHG DOGHK\GHV DQG UHSRUW KHUH RXU
ILQGLQJV 
 
Scheme 1 Related literature example.4a 
,Q UHODWHG V\QWKHWLF FKHPLVWU\ HIIRUWV ZH ZDQWHG WR
WHVW QLWURQH F\FORDGGLWLRQV GHULYHG IURP DOGHK\GHV
ZLWK DQ D-TXDWHUQDU\ VWHUHRFHQWUH EHDULQJ DQ DU\O
JURXS DQG DQ HVWHU JURXS:H WKHUHIRUH SUHSDUHG WKH
DOGHK\GH  E\ GRXEOH DON\ODWLRQ RI WKH HVWHU 
IROORZHGE\6ZHUQR[LGDWLRQ6FKHPH 
 
Scheme 2 Cycloaddition with aldehyde 6. 
+HDWLQJ WKHDOGHK\GHZLWK1-PHWK\OK\GUR[\ODPLQH
K\GURFKORULGH VDOW DQG GLLVRSURS\OHWK\ODPLQH LQ
WROXHQHJDYHDPL[WXUHRIWKHF\FORDGGXFWVDDQGE
LQ D  UDWLR 7KH VWUXFWXUHV RI ERWK F\FORDGGXFWV
ZHUHGHWHUPLQHGE\VLQJOHFU\VWDO;-UD\DQDO\VLVVHH
6XSSRUWLQJ ,QIRUPDWLRQ6,7KLV UHDFWLRQ LVDGLUHFW
FRPSDULVRQZLWK WKH IRUPDWLRQRI WKH F\FORDGGXFW 
ZKHUH D VLQJOH VWHUHRLVRPHU ZDV UHSRUWHG 7KLV
VXJJHVWVWKDWDOWKRXJKDSKHQ\OJURXSKDVDVWURQJHU
SUHIHUHQFH IRU WKH H[R SRVLWLRQ WKDQ D PHWK\O JURXS




D IDYRUDEOH LQWHUDFWLRQ EHWZHHQ WKH HVWHU FDUERQ\O
R[\JHQDWRPDQGWKHSURWRQDW WKHULQJMXQFWLRQD WR





Figure 1 X-ray crystal structure of 7b. 
Regiochemical and stereochemical studies of the intramolecular dipolar 
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7R WHVW WKH F\FORDGGLWLRQ WR JLYH D F\FORKH[DQH ULQJ
V\VWHP ZH SUHSDUHG WKH DOGHK\GH  IURP WKH VDPH
HVWHU  6FKHPH  7KLV IROORZHG UHODWHG FKHPLVWU\
EXW E\ XVLQJ WKH KRPRORJRXV -EURPR--SHQWHQH
+HDWLQJWKHDOGHK\GHZLWK1-PHWK\OK\GUR[\ODPLQH
K\GURFKORULGH DQG GLLVRSURS\OHWK\ODPLQH LQ WROXHQH
JDYHDPL[WXUHRIWKHF\FORDGGXFWVDQGLQD
UDWLR 6RPH RI WKH LVRPHU  FRXOG EH VHSDUDWHG E\
FU\VWDOOL]DWLRQ DQG VLQJOH FU\VWDO ;-UD\ DQDO\VLV VHH
6XSSRUWLQJ ,QIRUPDWLRQ FRQILUPHG WKH UHODWLYH
VWHUHRFKHPLVWU\DVVKRZQIRULQZKLFKWKHPHWK\O
HVWHU JURXS SUHIHUV WKH H[R SRVLWLRQ :H WHQWDWLYHO\
DVVLJQ WKH VWHUHRFKHPLVWU\ RI  WR EH WKH VDPH
UHODWLYHFRQILJXUDWLRQDVVKRZQLQ6FKHPH7KHUHLV




Scheme 3 Cycloaddition with aldehyde 10. 
:H HQYLVDJHG WKDW WKH UHJLRVHOHFWLYLW\ FRXOG EH
GLUHFWHGE\DOWHULQJ WKH WHUPLQDODONHQHGLSRODURSKLOH
WR KDYH DQ HOHFWURQ-ZLWKGUDZLQJ JURXS DWWDFKHG
&URVVPHWDWKHVLVRIWKHDONHQHZLWKPHWK\ODFU\ODWH
DQG*UXEEVVHFRQGJHQHUDWLRQFDWDO\VWJDYHWKHQHZ
VXEVWUDWH  IRU F\FORDGGLWLRQ 6FKHPH  :H ZHUH
SOHDVHG WR ILQG WKDW KHDWLQJ WKH DOGHK\GH  ZLWK 1-
PHWK\OK\GUR[\ODPLQH K\GURFKORULGH DQG
GLLVRSURS\OHWK\ODPLQH LQ WROXHQH JDYH D VLQJOH
UHJLRLVRPHU DQG D KLJK VWHUHRVHOHFWLYLW\ LQ IDYRXU RI
WKH LVRPHU D 2QO\ WKH IXVHG DQG QRQH RI WKH
EULGJHG UHJLRLVRPHU ZDV IRUPHG LQ FRQWUDVW WR WKH
FRUUHVSRQGLQJUHDFWLRQZLWKWKHDOGHK\GH6FKHPH
7KHPDMRULVRPHUDZDVFU\VWDOOLQHDQGFRXOGEH







Scheme 4 Cycloaddition with aldehyde 13. 
)LQDOO\ ZH WUHDWHG WKH PL[WXUH RI F\FORDGGXFWV 
ZLWK]LQFLQDFHWLFDFLGWRSURPRWHEUHDNDJHRIWKH1±
2 ERQG DQG VXEVHTXHQW F\FOL]DWLRQ RI WKH UHVXOWLQJ
DPLQHRQWRWKHHVWHUWRJLYHWKHODFWDP6FKHPH
&\FOL]DWLRQ ZDV RQO\ SDUWLDOO\ FRPSOHWH EXW VWLUULQJ
ZLWK VRPHVRGLXPPHWKR[LGH LQPHWKDQROFRPSOHWHG
WKHSURFHVV7KHODFWDPZDVLVRODWHGWRJHWKHUZLWK
D VPDOO DPRXQW RI WKH RWKHU VWHUHRLVRPHU
5HFU\VWDOOL]DWLRQ JDYH WKH LVRPHU  DV VKRZQ LQ
6FKHPH  DQG WKH UHODWLYH VWHUHRFKHPLVWU\ ZDV
YHULILHGE\VLQJOHFU\VWDO;-UD\GLIIUDFWLRQ 
 
Scheme 5 Breaking the N±O bond of cycloadduct 14. 




DIIHFWHG E\ WKH OHQJWK RI WKH WHWKHU WR WKH DONHQH
GLSRODURSKLOH DQG E\ WKH QDWXUH RI WKH GLSRODURSKLOH
WHUPLQDO DONHQH RU ZLWK DWWDFKHG HOHFWURQ-
ZLWKGUDZLQJ JURXS 7KH VWHUHRFKHPLVWU\ LV
LQIOXHQFHG E\ WKH D FDUER[\OLF HVWHU JURXS WKDW LV
WKRXJKWWRLQWHUDFWZLWKWKHSURWRQRIWKH&+1JURXS
LQ WKH WUDQVLWLRQ VWDWH WKHUHE\ IDYRULQJ WKH
VWHUHRLVRPHUZLWK WKH HVWHU JURXSH[R WR WKHELF\FOLF
ULQJ V\VWHP 7KH FKHPLVWU\ DOORZV WKH V\QWKHVLV RI
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([SHULPHQWDOGHWDLOVDQGVSHFWURVFRSLFGDWDLQFOXGLQJ
105 VSHFWUD DQG ;-UD\ FU\VWDO VWUXFWXUHV DUH
SURYLGHGLQWKH6XSSRUWLQJ,QIRUPDWLRQ 
















(2) )RUUHYLHZVVHHDJones, R. C. F.; Martin, J. N. in 
Synthetic Applications of 1,3-Dipolar Cycloaddition 
Chemistry Toward Heterocycles and Natural Products; 
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,QWUDPROHFXODUQLWURQHF\FORDGGLWLRQVIURPTXDWHUQDU\DOGHK\GHV 
 
 
 
